Objective: The aim of this study was to evaluate the results of limb salvage and primary amputation treatments in patients with Type 3C tibia fractures and compare with normative population data. Methods: Limb salvage was performed in 20 patients and primary amputation in 14 patients with Type 3C tibia fractures between 1993 and 2009. Mean follow-up period was 5.3 years. Treatment times, complications, number of operations and return-to-work status of groups were compared. The Short Form-36 (SF-36) was used to assess quality of life and domains were compared among the patient groups and normative data. Results: Limb salvage patients had longer treatment periods with more operations and complications than the primary amputation group. Return-to-work percentage was 59% in the limb salvage group and 71% in the amputation group. There was no statistical difference in all SF-36 domains for limb salvage and primary amputation patients. Physical functioning, social functioning, limitation due to emotional problems and pain were statistically lower in all patients than in the general population. Conclusion: Type 3C tibia fractures treated with both limb salvage and primary amputation have negative effects on quality of life. Patients should be informed about limited functional capacity, pain complications and problems with return-to-work at the end of treatment. In addition, high rates of limb salvage can be achieved with proper conditions in suitable patients.
Type 3C tibial fractures that require arterial repair for the salvage of extremity occupy a special place among severe lower extremity injuries. [1] Circulation problem as well as bone and soft tissue damage make treatment of these fractures particularly difficult. Today, with improvements in bone reconstruction techniques, free tissue transplantation and tissue repair requiring microsurgery, limb salvage procedures can be performed in most C type tibial fractures. However, primary amputation has been reported to be the treatment of choice in Type 3C tibial fractures and other severely injured lower extremities. [2] [3] [4] [5] [6] [7] [8] Due to physiological and psychological limitations in patients undergoing limb salvage or primary amputation, arduous and prolonged treatment processes exposed to complications have always been under dispute. [2, [6] [7] [8] [9] [10] [11] [12] [13] In this study, we aimed to evaluate the treatment and follow-up processes of patients presenting with Type 3C tibial fractures and undergoing limb salvage or primary amputation. Complications, treatment duration, return-to-work status and physical and psychological quality of life scales were evaluated together with the standards of the general population.
Patients and methods
A total of 34 patients treated for Type 3C tibial fractures between 1993 and 2009 were enrolled in this study. Patients with additional injury of the extremity in the diagnostic and follow-up period and those with a systemic disease that might lead to physiological and psychological limitations were excluded. Fractures were classified according to the system developed by Gustilo et al. [1] Seventeen of 20 patients undergoing limb salvage (secondary amputation due to vascular insufficiency was performed in one patient and two patients were lost during follow-up), and 14 of 14 patients undergoing primary below-knee amputation were evaluated at the end of a mean follow up of 5.3 years. Patient demographics are detailed in Table 1 .
The decision to perform limb salvage or primary amputation was made by a minimum of two experienced orthopaedic surgeons following debridement and irrigation in the operating room under anesthesia. Salvage procedures were preferred in children and adolescents with early presentation, those expected to be productive and functional after limb salvage procedure and those with bone and soft tissue defects who could be treated with modern techniques. Both patient groups and their families were interviewed and informed prior to treatment. Previously reported lower extremity injury scores, presence or absence of plantar sensation or the preservation of the anatomic integrity of the tibial nerve were not considered during decision making. [14] [15] [16] [17] [18] [19] Since arterial injury was confirmed by clinical and surgical findings, no patients underwent angiography. Treatments (bone fixations, arterial and nerve repair, free bone and soft tissue transplantations, treatment of complications, amputations) were performed by the same orthopaedic surgical team.
Treatment duration, complications, number of procedures, time to union and prosthesis fitting in primary amputations were recorded during follow-up. At the end of the follow-up period, return-to-work status was categorized as follows: ability to do the same job (complete), ability to work in another job (limited), quitting work due to injury or advanced age (retired/unemployed) and housewives for female patients. Patients undergoing limb salvage were asked whether they would choose the same treatment modality and were satisfied with the outcome in terms of their experience during the moment of injury and the treatment process. The Short Form-36 (SF-36) was used to measure quality of life. [20, 21] Eight sub-dimensions including physical functioning (PF), role limitations due to physical problems (RP), pain (P), general health perception (GH), mental health (MH), role limitations due to emotional problems (RE), vitality (V) and social functioning (SF) were evaluated by the patients (Table 2 ). Patient groups were compared within themselves and with standards of the general population. [22] Mean and standard deviation were used as descriptive statistics and a t-test was used to compare and interpret group data and standards of the general population. A p value less than 0.05 was considered statistically significant. salvage (average: 13.7 months) was significantly longer than that of patients undergoing primary amputation (average: 1.1 month) (p<0.05). During this time period, three times more surgical procedures were performed in patients undergoing limb salvage (Table 1) .
Results

Mean
Complications during the treatment period determined the treatment duration and number of procedures. In the salvage group, 14 patients had 21 complications. The most common complications requiring surgical intervention were vascularized bone graft fracture, equinism and shortness. All complications were treated at the end of the period with the exception of four complications in four patients. The mean number of procedures per patient was 6.05. The mean duration of bone union was 13.9 (range: 6 to 28) months. In the primary amputation group, for which stump revisions were determinant, the mean number of procedures was 2.2. The stump became suitable for prosthesis with one operation in 4 patients, 2 operations in 4 patients and more than 2 operations in 6 patients. At the end of an average of 2.8 (range: 2 to 7) months, 9 of the patients who started using a prosthesis had amputation stump problems. The most common reason was skin problems. There were statistically significant differences in the number of procedures and treatment duration between two groups (p<0.05).
After limb salvage procedure, 5 patients returned to their previous work and 6 patients continued working in the same workplace doing lighter tasks. Five of the remaining 6 patients were unemployed or retired due to injury related limitations. One female patient continued her life as a housewife. In the amputation group, 5 patients returned to work completely and 5 patients returned to work on a limited basis. Two were unemployed or retired and another 2 were housewives ( Table 1 ). All patients undergoing limb salvage reported being content with their legs and would have chosen the same treatment modality over again.
No significant differences were noted between patients undergoing limb salvage and those undergoing primary amputation in the SF-36 sub-dimensions. When compared with standards of the general population, both salvage and amputation groups were significantly affected in the sub-dimensions PF, RP, P, RE and SF (p<0.05). Patients in both groups had a similar overall health perception to the general population. Mean mental health of the patients undergoing limb salvage was close to that of the general population. Both patient groups reported feeling more energetic and lively compared to society ( Fig. 1 and Table 3 ). Range of movement of the knee and ankle joint was significantly decreased (p=0.007 and p=0.000, respectively) compared to the healthy side in the group undergoing limb salvage (Table 4) .
Discussion
The treatment of severely injured lower extremities with no blood supply is one of the most disputed issues in trauma surgery. The small number of Type 3C tibial fractures, even in large series, makes it the comparison of the outcomes of limb salvage procedure versus primary amputation more difficult. [2] [3] [4] [5] [6] [7] [8] 23] In a prospective study of 601 patients admitted to eight Level 1 trauma centers by MacKenzie et al., 14 patients underwent reconstruction and 45 patients underwent amputation for 59 Type 3C tibial fractures. [8] In our series, limb salvage was performed in 20 of 34 patients and one patient was treated for secondary amputation due to vascular insufficiency in the early period and 14 were treated for primary amputation.
Severely injured lower extremity scores had low sensitivity and were cumbersome to apply in clinical practice in the determination of initial treatment of patients and prediction of subsequent functional outcomes. [24, 25] Plantar sensation at the moment of injury does not provide information related to prognosis in terms of restoration of sensation and long-term functional outcomes. Therefore, plantar sensation is not recommended as a guide in the decision making process for limb salvage procedure. [26] In our study, lower extremity injury scores or the presence or absence of plantar sensation was not used in the process of treatment decision making during the initial patient evaluation. Angiography has been reported to be unnecessary in the diagnosis of arterial injury associated with open fractures and to cause delay in critical arterial repairs. [27] [28] [29] Angiography was not performed for vascular injuries in our patients. All arterial injuries were diagnosed in the operating room and planning was conducted based on the treatment modality.
As in severely injured lower extremities, limb salvage procedures require long treatment duration and are exposed to complications in Type 3C tibial fractures. [1, 2, 4, 6, 11, 12, 30, 31] In 23 open tibial fractures with associated vascular injuries, Lange et al. reported a per patient average of three operations in patients undergoing primary amputation and seven on patients undergoing reconstruction. [32] A study by Drost et al. reported long-term major complications (chronic osteomyelitis, non-healing soft tissue wounds, nonunions) in 50% of patients undergoing limb salvage and skin problems and superficial infection in 63% of patients undergoing amputation. [33] In our series, the number of non-healing soft tissue wounds and chronic osteomyelitis was smaller compared to that reported in the literature. We consider that the most important factor, other than those related to the trauma and the patient, is inadequate debridement and delayed closure of soft tissue in problems such as chronic osteomyelitis and non-healing soft tissue wounds. In this study, all operations were carried out by an orthopaedic surgical team performing microsurgery, which we believe reduced the number of complications. [5] Operations performed for complications were the determinant for the number of procedures and treatment duration. After initial treatments, 4 of 21 complications in 14 patients in the salvage group became permanent (Table 5 ). In the amputation group, stump revisions were the most common reason for operations and 9 patients had skin problems after they started to use prosthesis.
Bosse et al. investigated the return to work rate in 460 patients with severely injured lower extremities and reported 53% in the amputation group and 49.4% in the salvage group with no statistically significant difference. [9] Puno et al. reported return-to-work in 4 of 6 patients undergoing limb salvage procedure and in 5 of 6 patients undergoing primary amputation in Type 3C tibial fractures. [6] At the end of follow up period, 11 of 17 patients in the salvage group and 10 of 14 patients in the amputation group returned to work in our study. We consider that the use of return-to-work as an outcome of this type of injuries is controversial. Patients' job and the injury and the physical requirements of these jobs should be taken into consideration. In addition, some patients had the opportunity to perform different tasks at the same workplace based on their educational status, knowledge and skills, which was not possible for other patients. One of the limitations of this study was that only one question was asked to evaluate patients' satisfaction with their treatment, as in other studies. All patients undergoing limb salvage reported being content with the outcome.
Today, the quality of life of patients after treatment and the status of returning to their normal lives are taken into greater consideration. The SF-36 is the most commonly employed generic scale for measuring quality of life. The scale measures eight dimensions of health using 36 items. It is easy to administer and is filled out by patients themselves. Validity and reliability studies and studies for the determination of population norms were conducted in Turkish. [21, 22] However, there is not sufficient evaluative data for Type 3C tibial fractures, which is a rarely addressed issue in the literature. In general, these fractures, together with Type 3 open fractures, have been compared, as a joint salvage group, with the amputation group. [2, 7, 11] Some authors have reported their results using quality of life instruments other than the SF-36. [3] In a study by Giannoudis et al., [3] patients undergoing limb salvage reported problems with pain more frequently than amputees in Type 3C fractures. No significant differences were noted between the two groups in self-care. The amputation group had significantly more limited mobility than the limb salvage group whereas anxiety and depression were more common in the salvage group. In a study using the SF-36 by Dagum et al., [7] physical function scores were significantly different in favor of the salvage group. No differences were noted in the mental component score. On the contrary, Georgiadis et al. reported that patients undergoing limb salvage experienced more functional limitation than amputees. [4] Bosse et al. found no significant differences between patients undergoing limb salvage versus amputation in physical restrictions. [9] As seen in the literature, the superiority of one treatment modalities over the other cannot be demonstrated in terms of functionality and quality of life.
In our study, there were no significant differences between limb salvage patients and amputees in any sub-dimensions of the SF-36. In parallel to the literature, patients' physical and social functions, emotional status and pain were found to be significantly lower Table 5 . Demographic, treatment and follow-up data of the patients.
than those of the general population. Vitality was significantly higher than the general population for both groups which we believe to be caused by patients' effort to pretend to be psychologically better than they really were as the patients' functional and physical role limitations do not support this.
The limitations of this study were the differences in age, sex, occupation, types of injury and treatment and functional capacity between the patients and groups that prevent the formation of homogeneous groups and decrease the power of comparative analyses. Standardization of bone and soft tissue injuries and associated treatment modalities, however, is not possible in high energy injuries such as Type 3C tibial fractures.
In conclusion, Type 3C tibial fractures result in adverse effects on patients' quality of life no matter which treatment modality is chosen. Patients presenting with this type of injury should be informed of a more limited functional capacity compared to the general population, pain, possible complications and problems related to return-to-work at the end of the treatment. However, with the provision of appropriate conditions for eligible patients, a high rate of limb salvage can be performed in Type 3C tibial fractures.
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